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PROCESS FOR PRODUCING IN YEASTS EMPTY VIRAL CAPSIDS CONSISTING 
OF PROTEINS DERIVED FROM pVP2 OF THE INFECTIOUS BURSAL DISEASE 
VIRUS (IBDV) 



FIELD OF THE INVENTION 

The invention relates to a process for producing empty viral capsids consisting of 
proteins derived from the protein pVP2 (pVP2*) of the infectious bursal disease virus 
(IBDV). Said capsids can be used in producing vaccines and in preparing gene therapy 
vectors. 



BACKGROUND OF THE INVENTION 

The infectious bursal disease virus (IBDV) is a member of the Birnaviridae family, 
which infects various avian species and is directly responsible for a severe 
immunosuppressive disease, causing economic losses in the avian industry worldwide 
(Sharma JM et al. 2000. Infectious bursal disease virus of chickens: pathogenesis and 
immunosuppression. Developmental and Comparative Immunology 24:223-235; van den 
Berg TP et al 2000. Infectious bursal disease (Gumboro disease). Revue scientifique et 
technique (International Office of Epizootics) 19:509-543). 

IBDV particles are icosahedral with symmetry T=13, they lack the envelope and 
are formed by a single protein layer. Until now, the approaches aimed at obtaining an 
atomic model for IBDV particles have failed. For this reason, the available information on 
their structure is based on three-dimensional models generated from images obtained by 
electron cryomicroscopy of the purified virus and empty viral particles. Based on these 
studies, it has been observed that the outer surface of the particle is formed by a continuous 
lattice of 260 trimers of VP2 protein (37 kDa) arranged in five different conformations. 
The inner side of the particles contains 200 trimers of VP3 protein (29 kDa), the latter 
ones, independently of one another, are bound to the basal area of the VP2 trimers. It has 
been suggested that a third polypeptide, VP4 (28 kDa), could also be part of the particles, 
being located at the base of the pentamers forming the angles of the icosahedral structure. 

Proteins VP2, VP3 and VP4 are produced from proteolytic processing of a 
precursor polypeptide (or polyprotein) with a size of 109 kDa. This precursor is auto- 
catalytically processed, releasing the polypeptides pVP2 (VPX), VP3 and VP4. The VP4 
domain, which is located in the central region of the polyprotein, belongs to the family of 
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Ion proteases and is responsible for the proteolytic cleavage. Polypeptides pVP2 and VP3 
are directly responsible for assembling the capsids. The peptide pVP2 undergoes a last 
cleavage at its C -terminal end before giving rise to the mature form of the protein (VP2), 
which is the form found in the purified particles. This pVP2 processing is necessary for 
5 correctly forming the capsids and it requires the presence of VP3, although the protease 
responsible for it has not yet been identified. As is known, morphogenesis is a vital process 
for the viral cycle, requiring two successive steps associated with modifications in the 
precursor polypeptides. To that end, viruses have developed strategies which allow the 
correct and sequential interaction between each one of their components. One of these 

10 strategies, frequently used by icosahedral viruses, is the use of polypeptides of a single 
polyprotein as the basis of their structural components. In these cases, the appropriate 
proteolytic processing of said polyprotein plays a crucial role in the assembly process. 

Conventional vaccines used for controlling infectious bursal disease are based on 
the use of strains, with different degrees of virulence, of the IBDV itself grown in cell 

15 culture or in embryonated eggs. The extracts containing the infectious material are 
subjected to chemical inactivation processes to produce inactivated vaccines or are used 
directly to produce live attenuated vaccines. This latter type of vaccines has the typical 
drawbacks associated with the use of live attenuated vaccines, specifically, the risk of 
mutations reverting the virulence of the virus or making it lose its immunogenicity. 

20 Recombinant subunit vaccines containing the IBDV VP2 protein expressed in 

several expression systems, for example, bacteria, yeasts or baculovirus, usually in 
fusion protein form, have been disclosed. The results obtained in chicken immunization 
tests with said vaccines have not been completely satisfactory. 

Virus-like particles (VLPs) constitute an alternative to the use of live attenuated 

25 vaccines and of recombinant subunit vaccines. VLPs are obtained by self-assembly of all 
or part of the subunits constituting the viral capsid, and they mimic the structure and 
antigenic properties of the native virion, although they lack genetic material, so they are 
unable to replicate themselves. Apart from their application for vaccination purposes, 
VLPs can be used as vectors of molecules of biological interest, for example, nucleic 

30 acids, peptides, proteins, etc. 

The use of different IBDV gene expression vectors has allowed developing 
different systems of producing viral assemblies. In this sense, the production of several 
VLPs of IBDV by means of expression of the viral polyprotein using several expression 



systems, for example mammal cells (Fernandez-Arias A et al. 1998. Expression of ORF 
Al of infectious bursal disease virus results in the formation of virus-like particles. J. 
Gen. Virol. 79:1047-54) or alternative vectors based on the use of recombinant 
baculoviruses (rBVs) (Vakharia VN. 1997. Development of recombinant vaccines 
5 against infectious bursal disease. Biotechnology Annual Review 3:151-68; Kibenge FS 
et al. 1999. Formation of virus-like particles when the polyprotein gene (segment A) of 
infectious bursal disease virus is expressed in insect cells. Can J Vet Res 63:49-55), have 
been described. 

The use of said viral vectors has allowed producing different types of VLPs in 
1 0 insect cells, including particles formed by the assembly of a recombinant VP2 protein, 
20-30 nm in diameter (Min-Ying Wang et al. 2000. Self-Assembly of the infectious 
bursal disease virus capsid protein, rVP2, expressed in insect cells and purification of 
immunogenic chimeric rVP2H particles by immobilized metal-ion affinity 
chromatography. Biotechnology and Bioengineering. Vol. 67(1): 104-1 1 1); VLPs with 
15 symmetry T=l obtained by means of expressing a chimeric form of the VP2 protein 
(rVP2-456) (Martinez-Torrecuadrada JL et al. 2000. Different architectures in the 
assembly of infectious bursal disease virus capsid proteins expressed in insect cells. 
Virology 278:322-331); VLPs containing all the proteins present in the viral particle 
(Maraver A et al. 2003. The oligomerization domain of VP3, the scaffolding protein of 
20 infectious bursal disease virus, plays a critical role for capsid formation. Journal of 
Virology 77:6438-49); and VLPs produced by the expression of a chimeric form of the 
viral polyprotein formed by the fusion of the latter to a heterologous protein for the 
purpose of improving VLPs formation efficiency (Chevalier C et al. 2002. The 
maturation process of pVP2 requires assembly of infectious bursal disease virus capsids. 
25 J. Virol. 76:2384-92). 

The various processes for producing VLPs of IBDV hereinbefore described have 
several drawbacks which reduce or prevent their applicability in generating vaccines 
against IBDV given that: 

i) the vectors developed for the production of VLPs of IBDV are based on the 
30 use of recombinant viruses derived from the vaccine virus or baculo virus, so 

the production of said VLPs is carried out from mammal or insect cells; 
however, these production systems are very expensive for their application in 
the production at industrial level of veterinarian vaccines; 
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ii) the production of VLPs of IBDV in mammal cells is based on the use of 
recombinants of the vaccine virus; however, in addition to the high cost of 
this production system, the use of a recombinant virus capable of infecting 
both mammals and birds does not meet the biosafety conditions necessary for 

5 its use as a vaccine; 

iii) in addition to the high cost of the production of VLPs of IBDV in insect cells 
using conventional expression systems, for example rBVs only expressing the 
viral polyprotein, it is very inefficient and leads to a virtually nule production 
of VLPs; and 

1 0 iv) the production of VLPs of IBDV in insect cells by means of the expression of 

a chimeric polyprotein, formed by the fusion of the open reading frame (ORF) 
corresponding to a heterologous protein at the 3' end of the ORF 
corresponding to the IBDV polyprotein, results in the production of VLPs of 
IBDV containing a fusion protein (VP3-heterologous protein), which 

1 5 introduces a protein element not present in IBDV virions, with an unknown 

effect and doubtful applicability in the production chain of chicken meat for 
human consumption. 

It is therefore necessary to develop a vector that allows producing at the industrial 
level vaccines against IBDV which corrects all or part of the drawbacks hereinbefore 
20 discussed. 

Yeasts are an alternative to the hereinbefore discussed expression systems due to 
simplicity and production costs. However, until now, the possibility of producing capsids in 
yeasts formed by the assembly of the VP2 protein of IBDV expressed in yeasts has not been 
described. In contrast, the results obtained by several groups of investigators point in the 

25 opposite direction, that is, the expression of the VP2 protein of IBDV in yeasts does not lead 
to the formation of particles or capsids. In relation thereto, Azad et al. (US 5,614,409) 
disclose the production of a highly immunogenic form of a recombinant VP2 (rVP2) protein 
of IBDV, wherein the last 5 amino acid residues of the amino terminal end of the native VP2 
of IBDV have been replaced by an octapeptide by means of the expression of the encoding 

30 sequence of said rVP2 in yeasts. However, as the same authors acknowledge, electron 
microscopy analysis of the obtained material did not reveal the formation of defined particle 
structures (US 5,614,409, column 8, lines 64-67). Similar results seem to have been obtained 
by Pitcovski et al. (Pitcovski J et al. 2003. Development and large-scale use of recombinant 



VP2 vaccine for the prevention of infectious bursal disease of chickens. Vaccine 21:4736- 
4743) who, although they disclose the expression of the gene encoding for the VP2 protein of 
IBDV in Pichia pastoris and the use of a partially purified material containing said rVP2 
protein of IBDV for immunizing animals, do not disclose the formation of capsids by self- 
5 assembly of said rVP2 expressed in P. pastoris, 

SUMMARY OF THE INVENTION 

Now it has surprisingly been found that it is possible to obtain empty capsids of 
IBDV by means of the expression and assembly of a pVP2* protein of IBDV, where said 

10 pVP2* protein is a protein the amino acid sequence of which consists of the amino acid 
sequence comprised between residue 1 and residue "n" of the pVP2 protein of IBDV, 
where "n" is an integer comprised between 441 and 501, in yeasts. Said empty capsids of 
IBDV, formed by self-assembly of said pVP2* protein of IBDV, are referred to as VLPs- 
pVP2* in this description. Said VLPs-pVP2* of IBDV contain one of the most 

15 antigenically relevant protein elements present in infective virions of IBDV, so they are 
able to induce an immune or antigenic response in an animal, and can therefore be used for 
therapeutic or diagnostic purposes. 

It has specifically been observed that the expression of a pVP2* protein of IBDV in 
Saccharomyces cerevisiae allows obtaining VLPs-pVP2* of IBDV. Said VLPs-pVP2* 

20 have isometry T=l and are immunogenic. 

These results have allowed designing a new strategy for producing the VLPs of 
IBDV provided by this invention (VLPs-pVP2*) which, unlike the methods previously 
described for producing VLPs of IBDV (generally based on the use of recombinant viruses 
derived from the vaccine virus or from a baculovirus and in producing said VLPs from 

25 mammal or insect cells, unacceptable production systems for the industrial production of 
veterinarian vaccines for biosafety, efficiency and cost reasons), allows expressing and 
producing VLPs of IBDV in yeasts thereby correcting the problems of biosafety and 
efficiency, and a significant reduction of production costs, which allows its use in the 
industrial production of vaccines against IBDV. Said strategy is based on the use of a gene 

30 expression system or vector which allows expressing a pVP2* of IBDV in yeasts and 
forming VLPs-pVP2* of IBDV, with a very high yield and very low economic cost. 

The vaccines obtained by using said VLPs-pVP2* have several advantages since, 
on one hand, the handling of highly infectious material is avoided, the potential risk of the 



occurrence of new IBDV mutants is prevented and the use of a live virus in poultry farms 
is removed, thus preventing the risk of spreading vaccine strains of IBDV into the 
environment, and on the other hand, it allows the development of differential diagnostic 
systems to discriminate between vaccinated and infected animals. These differential 
5 diagnostic systems are based on detecting antibodies against VP2, VP3 and VP4 proteins 
of IBDV. Animals with IBDV develop a strong humoral response to both proteins, 
whereas animals immunized with VLPs-pVP2* only have antibodies against the VP2 
protein of IBDV. 

Therefore, in one aspect, the present invention relates to a process for producing 
10 said VLPs-pVP2* of IBDV based on the gene expression of a pVP2* protein of IBDV in 
yeasts. 

The expression systems and yeasts developed for putting said process of producing 
said VLPs-pVP2* of IBDV into practice, as well as their use for producing said VLPs- 
pVP2* of IBDV, constitute additional aspects of the present invention. 

1 5 Said VLPs-pVP2* of IBDV, which have antigenic or immunogenic activity against 

the infection caused by IBDV, constitute an additional aspect of this invention. Likewise, 
the use of said VLPs-pVP2* of IBDV in preparing medicinal products, such as gene 
therapy vaccines and vectors, and/or for diagnostic purposes, constitutes an additional 
aspect of this invention. Said vaccines and vectors constitute additional aspects of the 

20 present invention. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows a schematic representation of the plasmid pESCURAinv/pVP2-456. 
The plasmid contains a DNA fragment containing the region corresponding to the 
25 polyprotein of IBDV which encodes from residue 1 to residue 456 of the VP2 protein of 
IBDV, under the transcriptional control of the promoter inducible by galactose called GALL 
This plasmid was used to transform a culture of the Saccharomyces cerevisiae haploid yeast 
strain 499. 

Figure 2 shows the purification of structures derived from IBDV in S. cerevisiae cells 
30 transformed with pESCURAinv/pVP2-456 and grown in the presence of galactose (inducer) 
for 18 hours at 30°C. The cultures were harvested and used to obtain extracts that were 
subsequently analyzed by means of ultracentrifugation in linear sucrose gradients. The lanes 
include samples corresponding to the total extract without fractionating (I) and to the 
different fractions from the lower area to the upper area of the gradient (1-37) by means of 



SDS-PAGE and staining with Coomassie blue (Figure 2A), and by means of Western blot 
using anti-VP2 serum of IBDV (Figure 2B). M indicates the lanes loaded with molecular 
weight markers (Dual Color, BIO-RAD). 

Figure 3 shows the structural characterization of assemblies derived from IBDV 
5 produced in S. cerevisiae cells transformed with pESCURAinv/pVP2-456. Figure 3A 
shows the microscopic characterization of purified VLPs-pVP2*; fractions 21 to 26 of the 
gradient shown in Figure 2 were mixed and analyzed by means of transmission electron 
microscopy (TEM); the presence of numerous isometric particles with a size of about 23 
nm can be observed in the image. The sample was stained with uranyl acetate. Figure 3B 

10 shows the result of a biochemical analysis, specifically the sample (VLP) was analyzed by 
means of SDS-PAGE followed by staining with Coomassie blue. The molecular weight 
marker (M) used was Dual Color (BIO-RAD). Figure 3C shows the result of an antigenic 
analysis, specifically the sample (VLP) was analyzed by means of Western blot using anti- 
VP2 serum of IBDV. In Figures 3B and 3C, "M" indicates the lane corresponding to the 

1 5 molecular weight markers (Dual Color, BIO-RAD). 

Figure 4 shows a bar graph illustrating the characterization of the humoral response 
to VLPs-pVP2-456. Said VLPs-pVP2-456 were analyzed to immunize 1-day old SPF 
chickens (Example 2). Immunization was carried out by using a group of 7 chickens with a 
single antigen dose administered intramuscularly. A group of chickens that were injected 

20 intramuscularly with an identical volume of the antigen diluent (PBS) was used as a 
control. Samples were taken at 7-day intervals until day 35. The serum samples were 
analyzed by means of ELISA using a 1/500 dilution of the serum sample. 

DETAILED DESCRIPTION OF THE INVENTION 

25 Definitions 

As it is used in this description, the term VLP-pVP2* (singular) or VLPs-pVP2* 
(plural) of IBDV refers to empty capsids of the infectious bursal disease virus (IBDV), 
occasionally generically referred to as VLP-pVP2* or VLPs-pVP2* of the invention, with 
isometry T=l, formed by assembly of a pVP2* protein, where said pVP2* protein is a 
30 protein the amino acid sequence of which consists of the amino acid sequence comprised 
between residue 1 and residue "n" of the pVP2 protein of IBDV, where "n" is an integer 
comprised between 441 and 501. 

As it is used in the present invention the term "IBDV" refers to the different IBDV 
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strains belonging to any of the known serotypes (1 or 2) [by way of illustration, see the 
review carried out by van den Berg TP, Eterradossi N, Toquin D, Meulemans G., in Rev Sci 
Tech 2000 19: 509-43]. 

The term "pVP2* protein" generally refers to a protein the amino acid sequence of 
which consists of the amino acid sequence comprised between residue 1 and residue Y of 
the pVP2 protein of IBDV, where "n" is an integer comprised between 441 and 501 and 
includes any of the different forms of the pVP2 proteins representative of any of the 
mentioned strains of IBDV [NCBI protein databank], according to the definition given by 
Sanchez and Rodriguez (1999) (Sanchez AB, Rodriguez JF. Proteolytic processing in 
infectious bursal disease virus: identification of the polyprotein cleavage sites by site- 
directed mutagenesis. Virology. 1999 Sep 15; 262(1): 190-1 99), as well as to proteins 
substantially homologous to said pVP2 proteins of IBDV, i.e. proteins the amino acid 
sequences of which have a degree of identity with respect to said pVP2 proteins of IBDV of 
at least 60%, preferably of at least 80%, more preferably of at least 90% and, even more 
preferably of at least 95%. 

The particular pVP2* proteins are referred to by following the format "pVP2-n", 
where "n" is as hereinbefore defined. In a particular embodiment, said pVP2* protein is a 
protein selected from the group formed by: 

(i) the pVP2 protein-441, the amino acid sequence of which consists of the 
amino acid sequence comprised between residue 1 and residue 441 of the 
pVP2 protein of IBDV; 

(ii) the pVP2 protein-452, the amino acid sequence of which consists of the 
amino acid sequence comprised between residue 1 and residue 452 of the 
pVP2 protein of IBDV; 

(iii) the pVP2-456 protein, the amino acid sequence of which consists of the 
amino acid sequence comprised between residue 1 and residue 456 of the 
pVP2 protein of IBDV; 

(iv) the pVP2 protein-466, the amino acid sequence of which consists of the 
amino acid sequence comprised between residue 1 and residue 466 of the 
pVP2 protein of IBDV; 

(v) the pVP2 protein-476, the amino acid sequence of which consists of the 
amino acid sequence comprised between residue 1 and residue 476 of the 
pVP2 protein of IBDV; 
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(vi) the pVP2 protein-487, the amino acid sequence of which consists of the 
amino acid sequence comprised between residue 1 and residue 487 of the 
pVP2 protein oflBDV; 

(vii) the pVP2 protein-494, the amino acid sequence of which consists of the 
5 amino acid sequence comprised between residue 1 and residue 494 of the 

pVP2 protein of IBDV; and 

(viii) the pVP2 protein-501, the amino acid sequence of which consists of the 
amino acid sequence comprised between residue 1 and residue 501 of the 
pVP2 protein of IBDV. 

10 The pVP2* protein of IBDV present in the VLPs-pVP2* provided by this invention 

has an amino acid sequence comprising between 441 and 501 amino acid residues, starting 
from residue 1, of any pVP2 protein representative of any IBDV strain, for example, the 
pVP2 protein of the IBDV Soroa strain [NCBI, access number AAD30136]. In a particular 
embodiment, said pVP2* protein of IBDV present in the VLPs-pVP2* provided by this 

15 invention is the pVP2-456 protein the amino acid sequence of which is comprised between 
residue 1 and residue 456 of the pVP2 protein of IBDV Soroa strain [NCBI, access number 
AAD30136]. The nucleotide sequence encoding for said pVP2-456 protein of IBDV 
extends from nucleotide 350 to nucleotide 1719 of the nucleotide sequence shown in SEQ. 
ID. NO: 1. 

20 As it is used in this description, the term "open reading frame corresponding to the 

pVP2* protein of IBDV" includes, in addition to the nucleotide sequences of said open 
reading frames, other open reading frames analogous to the same ones encoding pVP2* 
proteins of IBDV. 

As it is herein used, the term "analogous" aims to include any nucleotide sequence 
25 that can be isolated or constructed on the basis of the encoding nucleotide sequences of 
pVP2* of IBDV, for example by means of introducing conservative or non-conservative 
nucleotide substitutions, including the insertion of one or more nucleotides, the addition of 
one or more nucleotides at any of the ends of the molecule or the deletion of one or more 
nucleotides at any end or within the sequence. Generally, a nucleotide sequence analogous to 
30 another nucleotide sequence is substantially homologous to said nucleotide sequence. In the 
sense used in this description, the expression "substantially homologous" means that the 
nucleotide sequences involved have a degree of identity, at the level of nucleotides, of at 
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least 60%, preferably of at least 80%, more preferably of at least 90% and even more 
preferably of at least 95%. 

VLPs-pVP2* of IBDV: process for producing them and applications 
5 The VLPs-pVP2* provided by this invention can be obtained by means of the 

expression of said pVP2* protein of IBDV, in suitable host cells, particularly yeasts, 
containing the nucleotide sequence encoding for said pVP2* protein of IBDV in a gene 
construct. In a particular embodiment, said suitable host cells are yeasts transformed with a 
suitable expression system including a gene construct comprising the nucleotide sequence 

1 0 encoding for said p VP2 * protein of IBDV. 

In one aspect, the invention relates to a process for producing VLPs-pVP2* of IBDV, 
hereinafter process of the invention, which comprises culturing a yeast containing the 
nucleotide sequence encoding for a pVP2* protein of IBDV and expressing said pVP2* 
protein of IBDV, and if desired, recovering said VLPs-pVP2* of the invention. 

15 In a particular embodiment, the process of the invention comprises the steps of: 

a) culturing yeast cells transformed with an expression system comprising the 
nucleotide sequence encoding for a pVP2* protein of IBDV, wherein said 
pVP2* protein is a protein the amino acid sequence of which consists of the 
amino acid sequence comprised between residue 1 and residue "n" of the pVP2 

20 protein of IBDV, where "n" is an integer comprised between 441 and 501, 

under conditions allowing the expression of said pVP2* proteins and their 
assembly for forming VLPs-pVP2* of IBDV; and 

b) if desired, isolating and optionally purifying said VLPs-pVP2* of IBDV. 

As can be seen, the process of the invention comprises the gene expression of a 
25 pVP2* protein of IBDV by means of the use of a vector allowing the expression of said 
protein in yeasts. To that end, the process of the invention comprises, as a prior step, 
obtaining a gene expression system, such as a system consisting of a plasmid containing a 
gene construct encoding for said pVP2* protein of IBDV, followed by the transformation of 
yeasts with said expression system, the expression of the recombinant proteins, and if desired 
30 the isolation of the VLPs-pVP2* of IBDV formed by assembly of said pVP2* proteins of 
IBDV, and optionally the purification of said VLPs-pVP2*. 

Obtaining yeasts transformed with an expression system or vector allowing the 
expression of the pVP2* protein of IBDV can be carried out by a person skilled in the art 



based on that herein described and on the state of the art on this technology (pESC epitope 
tagging vectors Instructions manual. Stratagene www.stratagene.com ; Sambrook J. 1989. 
Molecular cloning: a laboratory manual, 2nd ed. Cold Spring Harbor Laboratory, Cold 
Spring Harbor, N.Y.). The transformed yeasts are cultured under conditions, known by 
5 persons skilled in the art, allowing the expression of recombinant proteins (pVP2*) and their 
assembly to form VLPs-pVP2* of IBDV. After the expression of said pVP2* protein of 
IBDV in yeasts, the expressed pVP2* proteins are assembled and form VLPs-pVP2* of 
IBDV, which can be isolated or removed from the medium and purified if desired. The 
isolation and purification of said VLPs-pVP2* of IBDV of the invention can be carried out 

10 by conventional methods, for example by means of fractionating in sucrose gradients. 

The expression system or vector used to transform yeasts comprises the nucleotide 
sequence encoding for a pVP2* protein of IBDV operatively bound to transcription, and 
optionally translation, control elements and constitutes an additional aspect of this invention. 
Therefore, in another aspect, the invention provides an expression system or vector 

15 useful for transforming yeasts, comprising a nucleotide sequence encoding for a pVP2* 
protein of IBDV, where said pVP2* protein is a protein the amino acid sequence of which 
consists of the amino acid sequence comprised between residue 1 and residue "n" of the 
pVP2 protein of IBDV, where "n" is an integer comprised between 441 and 501, said 
nucleotide sequence encoding for said pVP2* protein of IBDV operatively bound to 

20 transcription, and optionally translation, control elements. 

In a particular embodiment, said expression system provided by this invention 
comprises the nucleotide sequence comprising the open reading frame or encoding region 
corresponding to a pVP2* protein selected from the pVP2-441, pVP2-452, pVP2-456, pVP2- 
466, pVP2-476, pVP2-487, pVP2-494 and pVP2-501 proteins. 

25 The transcription, and optionally translation, control elements, present in said 

expression system include promoters which direct the transcription of the sequence of the 
pVP2* protein (to which it is operatively bound), and other sequences required or suitable for 
transcription and their suitable regulation in time and place, for example initiation and 
termination signals, cutting sites, polyadenylation signal, replication origin, transcriptional 

30 enhancers, transcriptional silencers, etc., all being useful in yeasts. 

Virtually any suitable expression system or vector can be used in generating said 
expression system. By way of illustration, said vectors include plasmids, yeast artificial 
chromosomes (YACs), etc., that may further contain a heterologous replication origin, for 
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example bacterial, so that it can be amplified in bacteria, as well as a marker that can be used 
to select the transfected cells that is different from the gene or genes of interest. These 
expression vectors can be obtained by conventional methods known by persons skilled in the 
art [Sambrook J et al. 1989. Molecular cloning: a laboratory manual, 2nd ed. Cold Spring 
5 Harbor Laboratory] and form part of the present invention. In a particular embodiment, said 
expression system or vector is a plasmid, such as a plasmid suitable for transforming yeasts 
based on a pESC Yeast (Stratagerie) expression system, for example the plasmid 
pESCURA/pVP2-456 (Example 1.1) which contains a gene construct encoding for the pVP2- 
456 protein of IBDV and allows producing VLPs-pVP2* of IBDV in yeasts. 

10 The use of the gene expression system provided by this invention for producing and 

obtaining VLPs-pVP2* of IBDV constitutes an additional aspect of this invention. 

In another aspect, the invention provides a host cell, such as a yeast, containing a 
nucleotide sequence encoding for said pVP2* protein of IBDV. In a particular embodiment, 
said host cell is a yeast transformed with an expression system provided by this invention 

15 comprising a gene construct comprising the nucleotide sequence encoding for said pVP2* 
protein of IBDV. Virtually any yeast can be used for putting the process of the invention into 
practice; nevertheless, in a particular embodiment, said yeast is a yeast of the Saccharomyces 
genus, for example, S. cerevisae, S. pombe, etc., a yeast of the Pichia genus, for example, P. 
past oris, etc. 

20 The VLPs-pVP2* of IBDV can be used as vectors or carriers of products of interest, 

such as molecules with biological activity, for example, drugs, polypeptides, proteins, nucleic 
acids, etc., so they can be used for therapeutic, diagnostic or investigational purposes. In a 
particular embodiment, said molecules of biological interest include polypeptides of interest, 
such as antigens or inducers of immune responses in animals or humans they are 

25 administered to, or they include nucleic acid sequences, useful in gene therapy, intended to 
be introduced inside the suitable cells. 

Said VLPs-pVP2* of IBDV can be used to immunize animals, particularly birds, 
per se or as vectors or carriers of molecules with biological activity, for example, 
polypeptides, proteins, nucleic acids, drugs, etc., so they can be used for therapeutic or 

30 diagnostic purposes. In a particular embodiment, said molecules with biological activity 
include antigens or inducers of immune responses in animals or humans they are 
administered to, or drugs released in their specific action site, or nucleic acid sequences, all 
of them being useful in gene therapy and intended to be introduced inside the suitable cells. 
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Therefore, in another aspect, the invention relates to the use of said VLPs-pVP2* of 
IBDV in preparing medicinal products such as, vaccines, gene therapy vectors (delivery 
systems), etc. In a particular embodiment, said medicinal product is a vaccine intended to 
provide protection to animals, particularly birds, against IBDV. In another particular 
5 embodiment, said medicinal product is a gene therapy vector. 

In another aspect, the invention provides a vaccine comprising a therapeutically 
effective amount of VLPs-pVP2* of IBDV, optionally with one or more pharmaceutically 
acceptable adjuvants and/or carriers. Said vaccine is useful for protecting animals, 
particularly birds, against IBDV. In a particular embodiment, said birds are selected from 
10 the group formed by chickens, turkeys, geese, gander, pheasants, quails and ostriches. In a 
preferred embodiment, the vaccine provided by this invention is a vaccine useful for 
protecting chickens from the infection caused by EBDV. 

In the sense used in this description, the expression "therapeutically effective 
amount" refers to the amount of VLPs-pVP2* of the invention calculated to produce the 
1 5 desired effect, and will generally be determined, among other causes, by the characteristics 
of the VLPs-pVP2* of the invention and the immunization effect to be obtained. 

The adjuvants and pharmaceutically acceptable carriers that can be used in said 
vaccines are the adjuvants and carriers known by persons skilled in the art and habitually 
used in preparing vaccines. 
20 In a particular embodiment, said vaccine is prepared in the form of a solution or 

aqueous suspension, in a pharmaceutically acceptable diluent, such as saline solution, 
phosphate buffered saline solution (PBS), or any other pharmaceutically acceptable 
diluent. 

The vaccine provided by this invention can be administered by any suitable 
25 administration route which results in a protective immune response against the 
heterologous sequence or epitope used, for which purpose said vaccine will be formulated 
in the pharmaceutical form that is suitable for the chosen administration route. In a 
particular embodiment, administration of the vaccine provided by this invention is carried 
out parenterally, for example, intraperitoneally, subcutaneously, etc. 
30 The following Examples illustrate the invention and should not be considered to be 

limiting of the scope thereof. Example 1 illustrates obtaining VLPs-pVP2-456 of IBDV, 
whereas Example 2 shows the antigenic capacity of said VLPs-pVP2-456 of IBDV in 
chickens. 
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EXAMPLE 1 

Obtaining VLPs-pVP2* by means of the expression of various regions of the pVP2 

protein in yeasts 

5 1.1 Obtaining VLPs-pVP2-465 by means of the expression of the 1-456 region 

of the pVP2 protein in yeasts 
For the purpose of studying the possibility of obtaining VLPs of IBDV formed by 
self-assembly of the pVP2-456 protein, the amino acid sequence of which consists of the 
amino acid sequence comprised between residue 1 and residue 456 of the pVP2 protein of 

10 IBDV, called VLPs-pVP2-456, in yeast cultures {Saccharomyces cerevisiae), the vector 
pESCURAinv/pVP2-456 was generated. The first step in the construction of the vector was 
carried out by means of cloning the encoding region of the pVP2-456 protein (residues 1-456 
of the pVP2 of IBDV) in the vector pESCURAinv. The plasmid pESCURAinv was 
generated by means of digesting the vector pRS426 (Stratagene) with the enzyme PvuII and 

15 religating the digestion mixture. The resulting vector, pESCURAinv, contains the multiple 
cloning region in reverse position with respect to that of the parent vector pRS426. The DNA 
fragment corresponding to the pVP2-456 protein was obtained by means of PCR with the 
oligonucleotides identified as Oligo I (SEQ ID NO: 2) and Oligo II (SEQ ID NO: 3) using 
the pVOTE.2/Poly plasmid as a mold (Fernandez- Arias A et al. 1998. Expression of ORE Al 

20 of infectious bursal disease virus infectious bursal disease virus results in the formation of 
virus-like particles. Journal of General Virology 79:1047-1054). The fragment was purified, 
subjected to digestion with the enzymes Bglll and Hindlll and cloned into the vector 
pESCURA.inv previously digested with the enzymes BamHI and Hindlll. The resulting 
plasmid was called pESCURAinv/pVP2-456 (Figure 1). 

25 The plasmid pESCURAinv/pVP2-456 was used to transform a culture of the S. 

cerevisiae yeast haploid strain 499 according to a previously disclosed protocol (Gietz & 
Woods. 2002. Transformation of yeast by the Liac/SS carrier DNA/PEG method. Methods 
in Enzymology 350:87-96). The yeasts transformed with the plasmid were selected by 
means of growth in dishes with SC medium (CSM + YNB, 2% glucose and bacto agar) 

30 supplemented with the amino acids tryptophan, leucine and histidine and lacking uracyl (- 
Ura). After 48 hours of incubation at 30°C, a colony was selected that was used to conduct 
the subsequent analyses of protein expression and the formation of VLPs. The analysis of 
the expression of the pVP2-456 protein and the formation of VLPs was carried out 



15 

following a protocol previously described for the characterization of VLPs of IBDV in 
other expression systems (Fernandez- Arias A et al. 1998. Expression of ORF Al of 
infectious bursal disease virus results in the formation of virus-like particles. Journal of 
General Virology 79, 1047-1054; Lombardo E et al. 1999. VP1, the putative RNA- 
5 dependent RNA polymerase of infectious bursal disease virus, forms complexes with the 
capsid protein VP3, leading to efficient encapsidation into virus-like particles. Journal of 
Virology 73:6973-698). 

The selected colony was cultured in CSM (-Ura) + YNB liquid medium 
supplemented with 2% raffinose. The culture was incubated at 30°C for 24 hours. This 

10 culture was used to inoculate, at an optical density (OD) of 0.2, a 200 ml flask of CSM (- 
Ura) + YNB medium supplemented with the 2% galactose inducer. The culture was 
maintained at 30°C for 18 hours (up to an OD between 1.0 and 2.0). The yeasts were 
centrifiiged at 3,000 rpm, 5 minutes at 4°C, were washed with distilled water once, and the 
pellet was resuspended in lysis buffer (TEN: 10 mM Tris, pH 8.0; 150 mM NaCl; 1 mM 

15 EDTA) + protease inhibitors 2X (Compl Roche). One volume of glass beads with an 
approximate size of 425-600 microns (Sigma) was added for lysis. This mixture was 
subjected to a vigorous vortex for 30 seconds 4 times, with 30 second intervals, and all at 
4°C. Then the soluble fraction was recovered by centrifuging the lysis mixture at 13,000 
rpm for 1 5 minutes at 4°C. This sample was subjected to fractionation in a sucrose gradient 

20 according to the previously disclosed protocol (Lombardo E et al. 1999. VP1, the putative 
RNA-dependent RNA polymerase of infectious bursal disease virus, forms complexes with 
the capsid protein VP3, leading to efficient encapsidation into virus-like particles. Journal 
of Virology 73:6973-6983). The samples obtained after fractionation and a sample of the 
starting material were analyzed by means of sodium dodecyl sulfate polyacrylamide gel 

25 electrophoresis (SDS-PAGE) [Current Protocols in Molecular Biology] [Current Protocols 
in Molecular Biology, Edited by: Fred M. Ausubel, Roger Brent, Robert E. Kingston, 
David D. Moore, J.G. Seidman, John A. Smith, Kevin Struhl, John Wiley & Sons, 
http://www.interscience.wiley.com/c_p/index.htm] and staining with Coomassie blue and 
immunodetection by Western blot using anti-pVP2 serum [Current Protocols in Molecular 

30 Biology, Edited by: Fred M. Ausubel, Roger Brent, Robert E. Kingston, David D. Moore, 
J.G. Seidman, John A. Smith, Kevin Struhl, John Wiley & Sons, 
http://www.interscience.wiley.com/c_p/index.htm]. The obtained results are shown in 
Figure 2. As can be seen in Figure 2 A, staining with Coomassie blue revealed the presence 
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of a protein with the size (42 kDa) expected for pVP2-456, together with proteins with a 
greater molecular mass, in different fractions corresponding to the central area of the 
gradient. Figure 2B, corresponding to Western blot analysis, shows that the bands detected 
by means of staining with Coomassie blue correspond to the pVP2-456 protein both in its 
5 monomelic form and in the form of high molecular weight oligomers. These results 
irrefutably showed the correct expression of the polypeptide pVP2-456 in the S, cerevisiae 
culture transformed with the plasmid pESCURAinv/pVP2-456. 

Then, the various fractions of the gradient were analyzed by means of transmission 
electron microscopy as previously described (Lombardo E et al. 1999. VP1, the putative 

10 RNA-dependent RNA polymerase of infectious bursal disease virus, forms complexes with 
the capsid protein VP3, leading to efficient encapsidation into virus-like particles. Journal 
of Virology 73:6973-6983). This analysis was carried out with the product resulting from 
mixing fractions 21 to 26 of the gradient indicated in Figure 2. As shown in Figure 3 A, the 
TEM analysis of said fractions of the gradient revealed the existence of VLPs of IBDV in 

15 that region of the gradient. The VLPs obtained (VLPs-pVP2-456) are isometric (T = 1) and 
have a diameter of 23 nm and a circular appearance. The subsequent SDS-PAGE analysis 
(Figure 3B) and immunoblotting analysis with anti-VP2 serum (Figure 3C), showed that 
the fraction contained the pVP2-456 protein with a degree of purity estimated to be at least 
95%. 

20 

1.2 Obtaining VLPs-pVP2* by means of the expression of other regions 
of the pVP2 protein in yeasts 
Following the process described in Example 1.1, the vectors described in Table 1 
were generated, said vectors expressed the VP2* in yeasts listed in said Table 1, which 
25 further includes the isometry of the VLPs-pVP2* obtained and the primers used. 
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Table 1 



Plasmid 


pVP2* 


Isometry 


Forward primer 


Reverse primer 


pESCURAinv/pVP2-441 


pVP2-441 


(a) 


SEQ. ID. NO: 2 


SEQ. ID. NO: 4 


P ESCURAinv/pVP2-452 


pVP2-452 


(a) 


SEQ. ID. NO: 2 


SEQ. ID. NO: 5 


pESCURAinv/pVP2-466 


pVP2-466 


(a) (b)(c)(d) 


SEQ. ID. NO: 2 


SEQ. ID. NO: 6 


P ESCURAinv/pVP2-476 


pVP2-476 


(a)(b)(e)(f) 


SEQ. ID. NO: 2 


SEQ. ID. NO: 7 


P ESCURAinv/pVP2-487 


pVP2-487 


N.D. 


SEQ. ID. NO: 2 


SEQ. ID. NO: 8 


P ESCURAinv/pVP2-494 


pVP2-494 


N.D. 


SEQ. ID. NO: 2 


SEQ. ID. NO: 9 


pESCURAinv/pVP2-501 


pVP2-501 


N.D. 


SEQ. ID. NO: 2 


SEQ. ID. NO: 10 


pESCURAinv/pVP2-512 


pVP2-512 


(f) 


SEQ. ID. NO: 2 


SEQ. ID. NO: 11 



NOTES: 

5 * The number indicates the number of amino acid residues of pVP2 of IBDV of each 

protein. 

(a) VLPs T = 1 

(b) VLPs T = 7 

(c) 20 nm tubules 
10 (d) Capsomers 

(e) VLPs T= 13 

(f) 50 nm tubules 

EXAMPLE 2 

15 Characterization of the immunogenicity of the VLPs-pVP2-456 of IBDV 

An immunization test was conducted in 1-day old chickens for the purpose of 
determining the immunogenicity of the VLPs-pVP2-456 (Example 1.1). A group of 7 SPF 
(specific pathogen free) animals was intramuscularly immunized with a single dose of 200 
^1 containing 10 ng of VLPs-pVP2-456/animal diluted in PBS. A similar group was 

20 injected with PBS. Weekly serum extractions from each one of the animals of both groups 
were performed. The serums of each group and date were mixed to obtain a homogenous 
serum (pool) represented by equivalent volumes of each individual of the group. The 
serums were analyzed by means of ELISA. To that end, the wells were coated with 10 ng 
of VLPs-pVP2-456. The tests were conducted according to a previously described protocol 

25 (Current Protocols in Immunology. Edited by: Barbara Bierer, John E. Coligan, David H. 
Margulies, Ethan M.Shevach, Warren Strober, John Wiley & Sons 
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http://www.interscience.wilev.com/c_p/index.htm ). The obtained results, reflected in 
Figure 4, show that a single immunization in the absence of an adjuvant causes a potent 
response to the pVP2-456 protein. 



